Conformational dynamics of unfolded peptides as a function of chain length: a frequency domain fluorescence approach.
The fluorescence emission decays of single-tryptophan-containing peptides of different chain lengths in their unfolded state were investigated in the frequency domain. The data were analyzed using different functions, i.e., exponential fit and probability-density functions of different shape. We found that unimodal Lorentzian distributions best describe the fluorescence decays. This finding agrees with the point of view, now broadly accepted, that rapid motions exist in polypeptides. As a consequence of this flexibility, a large variety of conformations, with an unequal perturbation of tryptophan in its excited state, is generated. The lifetime distribution center was independent of the length of the polypeptide chain but strongly related to the nature of the amino acid residues located in the proximity of the tryptophan in the primary structure. The full width at half maximum, W, of the lifetime distribution was found to be related to the length of unfolded polypeptide by the empirical logarithmic relationship W = 0.83 log n, where n indicates the number of residues. For short peptides, a single lifetime or a narrow range of lifetimes is observed because of the fast relaxation of the tryptophanyl environment. On peptide lengthening, the spectrum of conformations, which the peptide can assume, increases; this causes a complex fluorescence decay represented by a lifetime distribution. For long polypeptide chains, the motions of the regions far from tryptophan do not significantly perturb the chromophore environment.